Elevated levels of genetic and environmental variance are often expressed in extreme habitats, but it is unclear whether it is because of their novelty, or their low quality. Using a half-sib-full-sib design, I measured the components of phenotypic variance in life-history traits (developmental time, emergence weight, growth rate, lifetime fecundity and male life span), and heritability of larval survival, expressed by the cowpea weevil, Callosobruchus maculatus, on the usual and three novel host species. Because the novel hosts differed in quality, I was to some extent able to distinguish between the effects of host novelty and quality. For all traits except larval survival the among-sire variance component was consistently higher on the usual host, although this result was statistically significant only when the estimates for different traits were standardized and pooled. It contradicts the predictions of evolutionary theories. In turn the dam component for these traits tended to be smallest on the usual host, but this pattern was less pronounced. The within-family variance component decreased with improving performance. This result supports the hypothesis that canalization of development against environmental fluctuations is less efficient in poor habitats. I found no effects of host novelty on environmental variance. Heritability of larval survival was lowest on the usual host, in accord with the hypothesis that predicted higher expression of genetic variance in novel environments.
Introduction
The amount of genetic variation in fitness components expressed in a novel environment crucially affects the chances of evolving adaptations to that environment and thus broadening the ecological niche. Two alternative predictions for the effects of novel environments on genetic variation exist. On the one hand, many generations of natural selection in the usual environment should have depleted genetic variation in fitness traits expressed in that environment (Robertson, 1955) , whereas at least a part of genetic variation in fitness components expressed in the new environment should have been neutral. More genetic variation should therefore be expressed in the novel environment. This argument requires that fitness in these two habitats is in part affected by different sets of genes. On *Correspondence. Department of Zoology, Division of Ecology, University of Helsinki, PU Box 17, SF-00014 Helsinki, Finland the other hand, the effects of many alleles may be compensated for in an optimal environment, and thus have little impact on fitness components (genetic canalization; Waddington, 1940; Stearns & Kawecki, 1995) . Under harsh, stressful conditions the compensatory mechanisms involved in genetic canalization may fail, resulting in an enhanced expression of alleic variation at the level of life history (reviewed in Hoffmann & Parsons, 1991) . This hypothesis predicts therefore that genetic variation should increase with decreasing quality of the environment. be expressed in a novel environment, or in a poor environment. This paper reports the results of an experiment in which I measured components of phenotypic variance in fitness-related traits expressed by a herbivorous insect, the cowpea weevil, on four host species. One of them (mung bean) had constituted the environment of this population for at least the last 150 generations; others were novel. Although many studies of herbivorous insects have measured the effect of different hosts on life history traits, few have compared patterns of variation in these traits expressed in the usual and novel environments (Holloway et al., 1990; Via, 1991) .
In contrast to those studies, I used three novel host species with different effects on life history. This offered a possibility to distinguish between the influences of host quality and novelty on variance components, and thus test whether more genetic and environmental variation is expressed in a novel environment (host novelty hypothesis) or in a poor environment (host quality hypothesis).
Materials and methods
The cowpea weevil, Callosobruchus maculatus (F.) is a cosmopolitan polyphagous pest of stored legumes in the tropics. Its natural environment, grain stores, is easily replicable in the laboratory. Larvae complete development within a single bean; the adults do not feed, so that adult performance is largely determined by the amount of resource accumulated at the larval stage. I used the 'South India' strain of C. maculatus, established in 1979 (Thantianga & Mitchell, 1990) , and since then maintained in the laboratory on mung beans, with the population size always above 200 (Messina, 1991; Mitchell, 1991 (Messina, 1990) .
The four host species used in this experiment were mung bean Vigna radiata (the usual host), black gram Vigna mungo, adzuki Vigna angularis, and red bean Phaseolus sp. The population has been maintained on mung bean for more than 150 generations; the remaining three hosts can therefore be viewed as novel. These hosts have strong and complex effects on the life history of this population of cowpea weevil, red bean being a better host than mung (T. J. Kawecki, unpublished data).
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The observational components of phenotypic variance were estimated in a classic half-sib-full-sib design (Falconer, 1989) (Sokal & Rohif, 1981) . To remove this scaling effect the measurements of the remaining four traits were transformed by taking natural logarithms; this also usually improved normality of the data. Using nontransformed data did not change the conclusions qualitatively. In addition to the five characters above, I estimated variance components for average growth rate, residual fecundity and residual life span. Growth rate was defined as In(emergence weight)! ln(developmental time). Fecundity and life span squares). Sex was included as a fixed effect in the model for traits measured on both sexes.
Total phenotypic variance V was calculated as the sum of the three observational components. The (narrow-sense) heritability was estimated as hire 4o/ V, (Falconer, 1989) . I also calculated heritability estimates based on the dam component as = 4o/ V. Because of strong maternal effects in the cowpea weevil (Fox, 1993) ham overestimates the broad-sense heritability (Falconer, 1989) . The ANOVA S testing for significance of a and a (above) provided the significance of narrow-sense and broad-sense heritability estimates. The standard errors of the variance components were estimated with the jackknife technique (Arvesen & Schmitz, 1970; Sokal & Rohif, 1981) with all observations for one sire dropped at a time. A two-way ANOVA on the pseudovalues, treating the estimates obtained by deletion of different sires as
belonging to different blocks, tested for differences among nonzero variance components expressed on different hosts. Tukey's Studentized range test was then used to determine which pairs of hosts were different at a 5 per cent significance level (procedure GLM, option TUKEY). The above procedure is equivalent to jackknifing ln[(variance on host 1 )/(variance on host 2)] for all pairs of hosts, but controls for the experiment-wise rather than comparison-wise type I error. Where the original estimate of a variance component was 0, all or almost all estimates from reduced data sets were also 0, and no estimate of standard error was obtained.
Because larval survival is an all-or-none trait, variance components could not be estimated as for the metric traits. I estimated heritability of larval survival using the liability-threshold model (Falconer, 1989, chap. 18 Standardization of quality and variance components permitted pooling the results across traits. I carried out linear regression of standardized variance on standardized performance, and then analysed the residuals in an ANOVA with a planned contrast between mung bean and the three novel hosts. This analysis aimed at detecting the relationship between variance and host quality and novelty. Because growth rate was calculated from emergence weight and developmental time, and fecundity and male life span increased with body size, I repeated this analysis with just four traits: developmental time, emergence weight, residual fecundity and residual life span. It should be noted, however, that the estimates of variance components for different traits were obtained on the same set of individuals, and even the results for these four traits are not quite independent. As a result the P values will be underestimated.
Results
Heritabiities of posthatching larval survival based on full-sibs were consistently higher than those based on half-sibs, indicating dominance or maternal effects (Table 1) . Both heritability estimates were highest on red bean and lowest on mung and adzuki.
The results of variance component analysis for metric traits are summarized in Table 2 . In 10 cases out of the 28 combinations of host and trait, ANOVA detected that the sire component a, and thus h2, were significantly greater than 0 (Table 2 ). In seven out of these 10 cases the estimated dam component a was smaller than a and nonsignificant, although in theory a should be equal to or larger than a. The dam component was significant in 17 cases. Because of large standard errors, I detected no significant differences among nonzero estimates of additive genetic variance for any trait, and the dam component differed significantly among hosts only for developmental time. Nevertheless, some patterns do emerge. Mung produced the highest estimates of a for all traits except life span, where it was second highest. Also five out of 10 significant sire component estimates were found on I found significant differences among hosts in the amount of the within-family variance component u, for all characters except male life span and residual male life span. For all five traits exhibiting significant differences in a, among hosts, the estimates were lowest on red bean; for developmental time c was significantly smaller on red bean than on any other host. For developmental time, emergence weight, growth rate and fecundity the highest within-family variance was expressed on adzuki; for emergence weight and growth rate u was significantly higher on adzuki than on any other host. Because a3,, was by far the largest component of the total phenotypic variance, the pattern of differences in V followed that of ai,.
The relationship between standardized performance and the variance components is summarized in Fig. 1 .
The within-family variance component c4, for a trait was negatively correlated with the host quality with respect to that character (N=28, regression slope= -2.28, P=0.022). The regression slope remained the same and significant when I included only the four 'independent' characters (N= 16, slope = -2.28, P= 0.034). The sire component tended to increase, and the dam component to decrease, with increasing standardized performance, but neither relationship was significant (N 28; a: slope 2.31, P=0.09; a:slope= -1.80, P=0.12).
The analysis of variance on residuals from the regression of standardized a estimates on standardized performance revealed that, irrespective of host quality, the beetles expressed consistently more additive genetic variance on mung than on the new hosts (Table 3) . This difference was highly significant even when only four traits were included in the analysis, and is apparent in Fig. 1 (left panel) . I found no significant differences among new hosts. In turn the dam component tended to be smaller on mung than on the novel hosts, although this difference was much less apparent ( Fig. 1, middle) . The sire and dam components thus showed opposite patterns, and the sum of these two components displayed no relationship with performance or host novelty. For a the points for mung lay close to and on both sides of the regression lines (Fig. 2 , right panel). Significant differences existed for both u and u, among new hosts. A posteriori tests (Tukey) revealed that they resulted from the estimates on adzuki being higher than on the remaining hosts. The strong tendency for these variance components to be low on red bean disappeared after the estimates were corrected for the effect of high performance on that host. The above results of variance component analysis remained qualitatively unchanged when several outliers with extremely long developmental time were removed from the original data, and when I used variance components estimated from raw rather than log transformed data.
Discussion
This study shared the common problem of quantitative genetic experiments: large errors of variance component estimates, particularly for fecundity and male life span and their residuals. In addition, because different traits were measured on the same set of individuals, variance component estimates for different characters were not statistically independent, and cannot provide rigorous tests of the hypotheses. Statistical problems notwithstanding, suggestive patterns emerged when the results for different metric traits were standardized and analysed together. The most striking result is that the sire component, which estimates 1/4 of additive genetic variance, was consistently lower on the novel hosts than on mung bean. Although the P-values of this trend as given in Table 3 might not be reliable because different traits were measured on the same set of individuals, the pattern is apparent in Fig. 1 (left panel) .
This result contradicts the prediction of the host novelty hypothesis that more additive genetic variance for performance should be expressed in novel habitats. Taken at face value, it is hard to explain in the light of present evolutionary theories.
The variance component within full sib families, c, decreased with increasing performance. This result supports the host quality hypothesis, according to which more environmental variation should be expressed under stressful conditions owing to failure of developmental canalization mechanisms. Apart from environmental variance, c contains parts of additive and dominance variance, but the observed pattern was most likely the result of environmental variance because the genetic components contribute little to 4, and the additive variance showed an opposite trend.
There was no evidence for an effect of host novelty on the environmental variance component.
Estimation of variance components was not possible for larval survival, but the negative heritability estimate on mung suggests very little additive genetic variance for larval survival on mung bean. Heritability of larval survival tended to be higher on red bean and black gram, which were also characterized by higher larval survival than the two other hosts (T. J. Kawecki, unpublished data). This could result from environmental variance being lower on red bean and black gram, in accordance with the host quality hypothesis for environmental variance, or from genetic variance being higher on these hosts, which would contradict the is not clear, however, whether it is because these conditions are stressful, or because they are novel or rarely encountered. There is some indirect evidence that populations more frequently exposed to stressful conditions express less genetic variation in these conditions than populations that experience them rarely (e.g. Stanley & Parsons, 1981) . The results of this study, in particular the unexpected reduction of additive genetic variance on novel hosts, indicates the need for further research directly addressing the influence of quality vs. novelty of the environment on genetic and environmental variation.
